Experiments were performed on Al Mg-Mn and Al-Zn-Mg alloy plates to investigate the influences of iron and silicon on notch toughness and tear resistance and their fracture characteristics. Notch toughness was evaluated from the ratios of notch-tensile strength to tensile strength (notch-tensile ratio) and notch-tensile strength to yield strength (notchyield ratio) and the Charpy impact value, and the tear resistance was determined from the crack initiation and propagation energies, particularly by the latter, in a modified Navy tear test.
High-strength and corrosion-resistance aluminum alloys are of interest for structural applications because of their high strength-to-density ratio and other desirable properties. The scope of their usage has been broadened from aerospace to commercial applications. In recent years, particularly, medium strength Al-MgMn and Al-Zn Mg alloys have been in extensive use not only for a variety of marine and cryogenic structures but also for containers, railroad cars, piping, cranes, bridges, etc. because of their good welding characteristics (1) .
It is well known that the majority of aluminum alloys exhibit high-ductility modes, and thus the possibility of low-ductility or elastic fracture is not necessary to take into account in design analysis. In general, however, Al-Zn-Mg alloys have comparatively low fracture toughness, particularly at cryogenic temperature, as in the case of Al-Cu and Al-Zn-Mg-Cu Metallurgical structures and constitutional variations have been studied in relation to their effects on the toughness and fracture characteristics. The majority of the works done are related to the 7000 series (Al-Zn-Mg and Al-Zn-Mg-Cu) aluminum alloys but the 5000 series (Al-Mg and Al-Mg-Mn) alloys have not been necessarily investigated to such a extent, because the 5000 series alloys have a high inherent resistance to fracture (2)(5).
However, it is very important to improve the frac- 
Test materials
Test materials used mainly in this investigation were both non-heat-treatable Al-Mg-Mn and heat-treatable AI-Zn-Mg alloys. The former was fully annealed 4, 6 and 8 mm thick plates of Al-4.5 %Mg-0.7 %Mn-0.1 %Cr (A5083) alloys prepared from 99.99 %Al, 99.85 %Al and 99.5 %Al base metals. Annealing was other hand, the latter was naturally aged (T4 treated) and artificially aged (T6 treated) 4 and 6 mm thick plates of Al-4.5 %Zn-1.5 %Mg-0.3 %Mn-0.2 %Zr (A7N01) alloys prepared similarly from three kinds of Al-base metals. Heat treatment was done under the Table 1 Chemical compositions  of test materials. spectively. Furthermore, Al-4.5 %Mg-0.7 %Mn-0.1 %Cr and Al-4.5 %Zn-1.5 %Mg-0.3 %Mn-0.2 %Zr alloy plates containing various amounts of iron and silicon individually and simultaneously were additionally used in this investigation.
Chemical compositions of these test materials are listed in Table 1 .
Test procedures
Experiments were conducted to investigate the influences of iron and silicon on the notch toughness and tear resistance of Al-Mg-Mn and Al-Zn-Mg alloy plates. Notch toughness was evaluated from the notchtensile and yield ratios and the Charpy impact value, and the tear resistance was determined from the crack initiation and propagation energies, particularly by the latter, which were measured in a modified Navy tear test (6) . Measurements of the appropriate areas under the autographic load-deformation curves determine the energies required to initiate and propagate the crack. The energy required to propagate the crack is the primary criterion of tear resistance. Its proponents claim that this value, more than data from notchtensile tests, provides a measure of a combination of strength and ductility which permits material to resist crack growth under either elastic or plastic stresses (2) .
The form and size of these test specimens are illustrated in Fig. 1 . Testing temperatures were room tem- On the other hand, the influences of iron and silicon Notched transverse to the rolling direction. Lower figure:
Notched parallel to the rolling direction. contents on the tear resistance of the annealed AlMg-Mn alloy plates are indicated in Fig. 3 . As clearly shown in this figure, crack initiation, crack propagation and total tear energies (initiation plus propagation) increase with a drop of the testing temperature exception. In any cases, however, these energies are markedly reduced with increasing amounts of iron and silicon. Particularly, the reduction of crack propagation energy is important because it means the decrease of tear resistance and at the same time the increase of notch sensitivity.
From these results it is apparent that the notch toughness and tear resistance of Al-Mg-Mn alloy plates are considerably reduced, as the contents of iron and silicon are increased. However, it is not clear which element, iron or silicon, affects more strongly on the toughness. In order to elucidate the difference between the influences of iron and silicon on the toughness, further experiment was conducted to investigate the influences of iron, silicon and iron + silicon contents on the Charpy impact value at room temperature. The result is indicated in Fig. 4 . It is apparent from this figure that iron, silicon and iron + silicon have a similar influence on the Charpy impact value, when these contents are equal. However, in a strict sense, the reduction in toughness due to silicon is most remarkable.
Al-Zn-Mg alloys
The influences of iron and silicon contents on the notched and unnotched tensile properties and their ratios of T4 and T6 treated Al-Zn-Mg alloy plates are summarized in Table 3 . The notch-tensile and yield ratios decrease slightly with increasing amounts of iron and silicon. The reduction in notch-tensile and yield ratios means the increase of notch sensitivity. The reduction rate in these ratios of Al-Zn-Mg alloys is
Photo. 4 Cross-section of fracture regions in notched tensile test specimens (tested at room temperature) of T4 treated Al-Zn-Mg Table 3 Influences of Fe and Si contents on notch-tensile and yield ratios of T4 and T6 treated Al-Zn-Mg alloy plates. less than those of Al-Mg-Mn alloys mentioned above. Photograph 4 shows a microstructure of the ruptured edge in notched specimen tested at room temperature. The rupture occurs in the shear direction and appears to be ductile. However, the lamellar cracks occur along a fibrous grain structure. This tendency is remarkable in the test specimens containing large amounts of iron and silicon.
The relationship between the Charpy impact value and iron and silicon contents of T4 and T6 treated Al-Zn-Mg alloy plates is indicated in Fig. 5 . The influences of the notch direction and the testing temperature on the Charpy impact value are clearly observed in a manner similar to Al-Mg-Mn alloys. In any cases, the Charpy impact value is markedly reduced with increasing iron and silicon contents. Notched transverse to the rolling direction. Lower figure: Notched parallel to the rolling direction. graph of tear test specimens tested at room temperature. As shown in these photographs, a tear dimple mode is observed.
It seems that the ductile fracture Many investigations have been reported until now on the toughness of aluminum alloys and their fracture fracture characteristics of Al-Mg-Mn and Al-Zn-Mg alloys were influenced by various metallurgical factors such as grain size and precipitate distribution which depend upon the contents of main alloying elements, the additions of small amounts of minor elements and the heat treatment. Commercial aluminum alloys always contain about purities, and they seem to have a considerable influence on various properties. However, the influences of iron and silicon on fracture characteristics of aluminum alloys except for a high-strength Al-Zn-Mg-Cu system have scarcely been treated, and the relationship between notch toughness and tear resistance of AlMg-Mn and Al-Zn-Mg alloys and iron and silicon contents is also unknown. Therefore, further investigation is needed to clarify the influences of iron and silicon on the toughness of their alloys.
It is apparent from the results of the present in- The results obtained in this investigation are summarized as follows :
(1) The notch tensile and yield ratios and Charpy impact value of fully annealed Al-Mg-Mn and naturally and artificially aged Al-Zn-Mg alloy plates are markedly reduced with increasing amounts of iron and silicon.
(2) The crack initiation and propagation energies, particularly the latter, in a Navy tear test are similarly reduced with increasing amounts of iron and silicon.
(3) Iron, silicon and iron + silicon, when these contents are equal, have similar influences on the notch toughness. However, in a strict sense, the reduction of toughness due to silicon is most notable.
(4) As the amounts of iron and silicon increase, the dimple pattern associated with ductile fracture gives way to the quasi-cleavage pattern associated with a relatively brittle fracture and an intergranular rupture is also observed.
(5) Fine lamellar cracks which are related to second phases containing iron and silicon are observed in fracture. From these observations, it is considered that the crack initiation and propagation in Al-Mg-Mn and Al-Zn-Mg alloy plates are considerably influenced by the distribution of iron and silicon. However, it is necessary to consider other supplementary mechanisms, if iron and silicon are contained separately.
